Abstract: Soil water content and actual water repellency were assessed for soil profiles at two sites in a bare and grasscovered plot of a sand pasture, to investigate the impact of the grass removal on both properties. The soil of the plots was sampled six times in vertical transects to a depth of 33 cm between 23 May and 7 October 2002. On each sampling date the soil water contents were measured and the persistence of actual water repellency was determined of field-moist samples. Considerably higher soil water contents were found in the bare versus the grass-covered plots. These alterations are caused by differences between evaporation and transpiration rates across the plots. Noteworthy are the often excessive differences in soil water content at depths of 10 to 30 cm between the bare and grass-covered plots. These differences are a consequence of water uptake by the roots in the grass-covered plots. The water storage in the upper 19 cm of the bare soil was at least two times greater than in the grass-covered soil during dry periods. A major part of the soil profile in the grass-covered plots exhibited extreme water repellency to a depth of 19 cm on all sampling dates, while the soil profile of the bare plots was completely wettable on eight of the twelve sampling dates. Significant differences in persistence of actual water repellency were found between the grass-covered and bare plots.
INTRODUCTION
Recently it has become clear that soil water repellency is much more widespread than formerly thought. Its occurrence has been described on all continents, in climates ranging from seasonal tropical to subarctic, for multiple land uses including ploughed cropland, grasslands, shrub land, and a wide range of forest types, and in soils ranging from coarse-to fine-textured (e.g. Dekker and Jungerius, 1990; Dekker et al., 1999; Jaramillo et al., 2000; Lichner et al., 2010) . However, the phenomenon is most prominent in course textured soils and is common in sandy soils supporting for instance turf or pasture grasses (e.g. Dekker et al., 2005; Lichner et al., 2011; Oostindie et al., 2008 Oostindie et al., , 2011 Wallis et al., 1989) .
Depending on its persistence, water repellency can reduce the affinity of soils for water such that they resist wetting for seconds or, in extreme cases, even for months (Ritsema and Dekker, 1995; Wessolek et al., 2008) . Water repellency is most pronounced after prolonged dry spells (Oostindie et al., 2013) and usually disappears after prolonged wet periods (e.g. Greiffenhagen et al., 2006; Täumer et al., 2005) . Afterwards, it may re-appear during drier periods when the soil water content drops below a critical threshold (Dekker et al., 2001; Oostindie et al., 2013) .
Soil water repellency is typically confined to the organically-enriched upper few centimetres or decimetres of the soil and is thought to be caused primarily by a coating of long-chained hydrophobic organic molecules on individual soil particles (e.g. Morley et al., 2005) . These substances may be released from a variety of plant species, decaying organic matter, soil fauna, and microorganisms (e.g. Mao et al., 2014 Mao et al., , 2015 MataixSolera et al., 2007) . This coating does not necessarily cover the soil particles completely nor is it always very thick. A thin and/or partial covering of the soil particles can render them water repellent (Bisdom et al., 1993) . However, mineral particles need not be individually coated with hydrophobic material; intermixing of mineral soil particles with particulate organic matter, like remnants of roots, leaves, and stems, may also induce severe water repellency (Bisdom et al., 1993; Morley et al., 2005) .
Soil water repellency is dynamic, it changes temporally and spatially as soil water contents change due to precipitation, irrigation, evaporation, or transpiration. Spatial variations in repellency have been shown to cause or enhance the formation of unstable wetting fronts, fingered flow or preferential flow (e.g. Heijs et al., 1996; Lichner et al., 2011; Ritsema et al., 1997) . Water repellency in soil and the associated preferential flow are like "barriers" and "leaks" in the soil plumbing system, respectively (Moore et al., 2010) . Water repellency may intensely affect water and solute movement at the field-scale, a process which has often been underestimated (Aamlid et al., 2009; Bauters et al., 2000; Orfánus et al., 2016; Ritsema and Dekker, 1995; Wessolek et al., 2009) . Water repellency and its spatial variability have been shown to cause decreased infiltration of irrigation water and precipitation, non-uniform wetting of soil profiles, increased runoff, and leaching due to preferential flow (Dekker et al., 2001; Lichner et al., 2011; Ritsema et al., 1997; Rodný et al., 2015; Wessolek et al., 2009) .
In general, water repellency is most severe during summer and decreases or disappears during the winter months, as a consequence of changing soil moisture conditions. The critical soil water content introduced by Dekker and Ritsema (1994) appears not to be a sharp static threshold above which a soil is wettable and below which a soil is repellent, but rather a transitional range. This range of critical soil water contents for a certain depth had been introduced by Dekker et al. (2001) as the "transition zone". Soil layers can be either wettable or slightly to extremely water repellent within the transition zone, depend-ing on the sequence of weather conditions and wetting history. Besides it seems to us that also the spatial variation in composition of soil organic matter and in amount of hydrophobic compounds might explain this variation with wettable and even extremely water repellent samples within the transition zone.
Although the occurrence and persistence of water repellency in soils under different types of plant covers, and the relationship of water repellency to soil water content, are well documented, there are comparatively few studies on changes in water repellency and soil water content in space and time comparing plant-covered and bare soils.
The main objective of this study was to assess the effect of vegetation removal on soil wetting and wettability of the soil profile. The present paper describes the effects of removing the grass cover of two plots in a dune sand pasture in comparison with two adjacent untreated plots. The impact of removing the grass cover was evaluated on 1) the spatial and temporal variations in wetting and moisture contents and on 2) the spatial and temporal existence and persistence of actual water repellency of the soil profiles.
MATERIALS AND METHODS Experimental field, sites and plots
The experimental field was located in a non-calcareous dune sand pasture near Ouddorp, in the south-western part of the Netherlands (51° 81' 31'' N, 3° 90' 85'' E). The area experiences a humid-temperate climate (mean monthly temperatures vary between 1.7°C in January to 17.0°C in July) with rainfall occurring throughout the entire year (averaged annual precipitation is 765 mm). During the growing season there is a small precipitation deficit, in autumn and winter a precipitation surplus occurs. The soil consisted of fine sand with less than 3% clay to a depth of more than 3 m and was classified as Typic Psammaquent (Soil Survey Staff, 2006) . The site was a grass-covered pasture (main species Poa pratensis) and not tilled for at least several decades. An organic matter content of 12.5% on dry weight basis was present in the surface layer (0-2.5 cm). This decreased to 9.5% in the second layer (2.5-5 cm). At depths of 7-9.5 cm an organic matter content of 4.8% was measured and at depths of 9.5-12 cm it was 2.4%. It further decreased to 1.5% at depths of 14-16.5 cm and 1.1% at depths of 16.5-19 cm. Below this depth the organic matter content was found to be around 0.5%. The organic matter content was determined after oven-drying a portion of the soil samples <2 mm at 105°C and thereafter at 550°C, and by calculating the loss of organic matter as percentage of the soil dried at 105°C.
The soil was known to be severely to extremely water repellent to a depth of approximately 50 cm during dry periods . At each site of the experimental field two adjacent (2 m x 4 m) plots were studied. From one of them the grass cover was burned away (Fig. 1) . The grass cover was totally removed on 31 March, 2002, only leaving behind some ashes. If present, the new developed shoots were flamed on the dates of soil sampling.
Soil sampling
Soil samples were taken at eight depths in vertical transects from the bare and untreated plots. The bare and grass-covered plot of site 1 were sampled on 23 May, 19 June, 31 July, 26 August, and on 12 and 27 September, 2002. Both plots of site 2 were sampled on 30 May, 25 July, 23 August, 4 and 18 September, and 7 October. Samples were taken at depths of 0-2.5, 2.5-5, 7-9.5, 9.5-12, 14-16.5, 16.5-19, 21-26, and 28-33 cm, using sharpened steel cylinders with a height of 2.5 cm and a diameter of 5 cm. At each depth 15 adjacent samples were taken across a distance of approximately 75 cm. The cylinders were pressed into the soil vertically, emptied into plastic bags and used again. The plastic bags were securely sealed to minimize evaporation from the soil. The field-moist soil in the plastic bags was weighed and the persistence of actual water repellency was measured. The terms 'actual' and 'potential' water repellency were introduced by Dekker and Ritsema (1994) to describe the level of repellency in soils at field moisture conditions, and in dried soil, respectively. All 2880 samples with a content of 50 cm 3 had been oven-dried at 105°C for 24 h and weighed to obtain the volumetric soil water content.
Water drop penetration time (WDPT) test
The persistence or stability of actual water repellency of the field-moist soil samples was examined using the (WDPT) test. The time for the drop to enter the soil provides an indication of the stability or persistence of the repellency (Letey et al., 2000) . During measurements, three drops (~0.05 ml) of distilled water from a standard medicine dropper were placed on the smoothed surface of a sample, and the time that elapses before the drops were absorbed was registered. Because the moisture tension of the soil depends on the temperature and air humidity (Doerr et al., 2002) , we measured the persistence of water repellency of the soil samples in the laboratory under controlled conditions at a constant temperature of 20°C and a relative air humidity of 50%. In general, a soil is considered to be water repellent if the WDPT exceeds 5 s (Dekker and Ritsema, 1994) . We applied an index allowing a quantitative definition of the persistence of soil water repellency as described by Dekker and Jungerius (1990) . In the present study seven classes of repellency were distinguished, based upon the time needed for the water drops to penetrate into the soil: class 0, wettable, non-water repellent (infiltration within 5 s); class 1, slightly water repellent (5 to 60 s); class 2, strongly water repellent (60 to 600 s); class 3, severely water repellent (600 to 3600 s); and classes 4, 5, and 6 extremely water repellent (more than 1 h), with specific duration of 1 to 3 h (class 4), 3 to 6 h (class 5) and >6 h (class 6). The WDPT measurements were performed on field-moist samples immediately after assessment of the wet weights of the samples. In this way the so-called "actual soil water repellency" is measured (Dekker and Ritsema, 1994; Dekker et al., 2009 ).
Precipitation and reference evapotranspiration
To gain insight in the behaviour of the considered soil profile, we obtained daily values of reference evapotranspiration (ETref) and precipitation from a nearby weather station. The ETref was calculated using the Penman-Monteith equation. The amounts of precipitation, ETref and precipitation deficit and surplus for grass, before and between the sampling dates are given in Table 1 .
Statistical analysis
For each date the effect of grass removal on the WDPT was tested using a regression model for ordinal response variables (MacCullagh and Nelder, 1989) . This model was used because WDPT was measured in ordered categories and not on an interval scale. The regressions were carried out separately for the two sites, with treatment and depth as predictor variables, and the significance of treatment was tested with SPSS 17.0 statistic package.
RESULTS

Soil water contents
Soil water contents of the grass-covered plots were always expressively lower than found in the bare plots (Fig. 2) . In general the mean water content decreased strongly in the soil profiles towards a depth of about 15 cm. From that depth on, the grass covered plot showed a slight increase with depth, while the bare plots remained at the same level or showed a further decrease. The driest grass-covered soil profile, with mean water contents between 2 and 5 vol.%, was sampled on 31 July. The precipitation and reference evapotranspiration in the period 20 June to 31 July amounted to a total of 85 mm, and 135 mm, respectively (Table 1) , resulting in a precipitation deficit of 50 mm. A precipitation surplus of 41 mm between 1 and 26 August resulted in obviously higher soil water contents throughout the soil profile of this grass-covered plot (Fig. 2) .
One of the wettest bare soil profiles, with mean water contents between 8 and 30 vol.%, was sampled on 27 September, as a result of 32 mm rain in the previous two weeks (Table 1) . Amazing are the excessive differences in soil water content at depths of 10 to 25 cm between the grass-covered plot and the bare plot on this date. One possible explanation for these differences is that in case of the grass-covered soil, water uptake took place by the roots which are predominantly found in the top 20 cm. In case of bare soil, no uptake of water by vegetation took place, leading to affectedly high soil water contents. Site 1 and 2 show similar results with substantially higher soil water contents in the bare versus the grass-covered plot (Fig. 2) . The mean volumes of water in the upper 19 cm of the soil (total of 6 layers) in the grass-covered and bare plots of both sites have been expressed in mm water and are depicted for the twelve sampling dates in Fig. 3 . In most cases the differences in amount of water between the bare and grass-covered plots were huge (10-15 mm) and on only few dates smaller (6-8 mm). The water storage in the upper 19 cm of the bare soil was at least two times higher than in the grass-covered soil on 25 and 31 July, and 4 and 18 September. Table 2 shows the temporal and spatial variability of the volumetric soil water contents at 2.5-5 cm depth in the grass- covered and bare plots at both sites between 23 May and 7 October. The mean soil water content in the grass-covered plot of site 1 varied between 3.8 and 16.1 vol.% and of site 2 between 6.9 and 22.5 vol.%. The mean water content in the bare plot of site 1 varied between 15.5 and 28.1 vol.%, and in site 2 between 22.8 and 27.6 vol.%. The mean soil water contents at 2.5-5 cm depth in the bare plot of site 1 were on the sampling dates 4.9 to 12.0 vol.% higher than those measured in the grass-covered plot. At site 2 these differences were even more pronounced; the soil water contents in the bare plot were 5.1 to 17.9 vol.% higher.
The variability in soil water content at 2.5-5 cm depth at short horizontal distances was often high, as illustrated with the range of soil water contents in Table 2 . The smallest and greatest difference in soil water content over a distance of 75 cm in the grass-covered plot of site 1 was respectively 1.7 and 17.7 vol.%, compared to 3.1 and 18.6 vol.% at site 2. The smallest and greatest difference in soil water content at 2.5-5 cm in the bare plot of site 1 were respectively 5.9 and 13.8 vol.%, and in the bare plot of site 2, respectively 3.6 and 12.3 vol.%. 
Actual soil water repellency
The development of actual water repellency in the soil profile of the grass-covered plot of site 1 (Fig. 4) was more pronounced than in the plot of site 2 (Fig. 5) .
On 23 May slight to extreme water repellency was present to 19 cm depth in the soil profile of the grass-covered plot of site 1 (Fig. 4) . In contrast, in the bare plot of this site, only 1 to 4 of the 15 samples taken in the layers down to 16.5 cm depth exhibited slight to severe water repellency, whereas all other samples were wettable. As a consequence of the high reference evapotranspiration of the grass-covered plot between 1 April and 23 May, which amounted to 125 mm in comparison with only 62 mm precipitation (Table 1) , the amount of soil water storage in this plot was obviously less than in the bare plot (Fig. 3) . The huge spatial difference in persistence at depths of 0-2.5 cm on 23 May is remarkable. Within a distance of 75 cm wettable as well as slightly, strongly, severely, and extremely water repellent soil samples were assessed. This may be due to irregular wetting of the surface layer by the 7 mm rain that fell in the previous four days.
All 120 samples in the bare plot of site 1 taken on 19 June were wettable, with WDPT less than 5 s (Fig. 4) . The disappearance of soil water repellency was a consequence of the soil wetting by 74 mm rainfall since 23 May. Despite a slightly higher reference evapotranspiration (82 mm), the water storage in the grass-covered plot increased (Fig. 3 ) and the persistence of soil water repellency decreased (Fig. 4) . It should be noted that, though the precipitation deficit was 8 mm, the soil moisture content increased by almost 5 mm. A possible cause of this contradiction is that the reference evapotranspiration is potential. In reality this value may be much lower due to a limited root water uptake (drought stress). The spatial variability in repellency of this plot was excessive at most depths. In particular, at 7-9.5 cm depth all 7 soil water repellency classes were represented.
The driest soil profile in the grass-covered plot at site 1 was sampled on 31 July. The precipitation deficit between 20 June and 31 July amounted 50 mm (Table 1, Fig. 6 ). This resulted in mean water contents of less than 5 vol.% throughout the soil profile to 33 cm depth (Fig. 2) . Severe to extreme water repellency did even occur at 0-2.5 cm depth on this date (Fig. 4) .The water storage in the upper 19 cm of the bare plot was relatively low, but nevertheless amounted to 17 mm (Fig. 3) . The mean soil water content at 0-2.5 cm depth dried to values below 10 vol.% (Fig. 2) , due to evaporation from this layer and the negligible amount of 1 mm precipitation in the eight days prior to the sampling. Owing to this, the surface layer in the bare plot became severely to extremely water repellent.
On 26 August soil water repellency was completely vanished for the layers between 0 and 5 cm and for the majority of the samples taken from the layers between 5 and 19 cm depth in the grass-covered plot (Fig. 4) . The disappearance was caused by the 41 mm precipitation surplus since the previous sampling (Fig. 6) . Noteworthy is the extreme persistence of the major part of the remaining water repellent samples, which conclusively is related to the presence of dry soil bodies next to preferential flow paths in the soil profile.
A dry period, with a precipitation deficit of 30 mm occurred from 7 August to 12 September (Fig. 6) . The existence of actual water repellency in the grass-covered plot extended, as a result of this relatively dry period. All samples taken between 2.5 and 12 cm were water repellent and most of them even extremely (Fig. 4) . The soil profile of the bare plot continued to be entirely wettable, notwithstanding the prior relatively dry period.
From 13 to 27 September a precipitation surplus of 10 mm occurred (Fig. 6) . We assume that the extent of water repellency to 26 cm depth in the grass-covered plot took place between 12 and 21 September. On the other hand, the disappearance and decrease of repellency at depths of 0-5 cm, was a consequence of the rain events prior to the sampling.
After periods with a cumulative precipitation deficit wettable and slightly to extremely water repellent soil samples were also found between 0 and 19 cm depth in the grass-covered plot of site 2 on 30 May, 25 July, and 4 and 18 September (Fig. 5) . In contrast near all 120 samples of the bare plot were wettable on these dates.
The major portion of the soil profile of the grass-covered plot was wettable on 23 August, as a consequence of a cumulative precipitation surplus since the previous sampling (Fig. 6) . A precipitation surplus previous to the sampling on 7 October resulted in a completely wettable soil profile to a depth of 9.5 cm. On both days the soil profiles of the bare plot were entirely wettable.
Range of critical soil water contents at several depths
The soil water contents of the transition zone of the grasscovered plots are given in Table 3 . The transition zone for 0-2.5 cm depth ranged from 16.9 to 23.5 vol.%. This means that all collected soil samples with a soil water content below 16.9 vol.% exhibited water repellency and that those above 23.5 vol.% were wettable. The range of the transition zone decreases with depth. For example at depths of 21-26 cm the soil was repellent below a water content of 2.5 and wettable above 2.7 vol.%. No transition zone could be distinguished for depths of 28-33 cm, due to the existence of hardly any water repellent sample during the study period.
For the bare soil the transition zone could only be assessed at 0-2.5 cm, which ranged between 12.0 and 15.7 vol.%. The surface layer of the bare plots appears to be wettable and to become water repellent at lower soil water contents when compared with the grass-covered plots. Fig. 6 . Cumulative deficit and surplus of precipitation for grass before and between the sampling dates of both sites. Table 3 . Range of volumetric soil water contents in the transition zone at different depths in the grass-covered plots (n = 180).
Depth
Transition zone Depth Transition zone (cm) (vol.%) (cm) (vol.%) 0-2.5 16.9-23.5 14-16.5 2.9-5.5 2.5-5 7.5-17.0 16.5-19 2.8-3.3 7-9.5 5.1-11.1 21-26 2.5-2.7 9.5-12 2.8-6.1
Spatial and temporal distribution of soil water content and persistence of water repellency
The contour plot of 26 August with the spatial soil moisture distribution in the transect of the grass-covered plot of site 1 clearly shows patches of dry soil with preferential flow paths between them (Fig. 7) . The distribution layer near the surface received the precipitation and fed the preferential flow paths below it by lateral flow. The contour plot with the distribution of actual water repellency on this date (also Fig. 7) , indicates that the preferential flow paths were wettable, alongside which rapid transport of water and solutes could take place. Underneath the dry pockets, the soil was wettable too and transport was not restricted anymore to a part of the profile only. That's why, from this depth onward, a restraining influence on transport velocity could be expected. The diagrams of 27 September show a thin distribution layer, which is wet and wettable, and overlies a thick, relatively dry and predominantly extremely water repellent soil layer.
The diagrams of the bare plot of site 1 show higher water contents and a more homogeneous wetting than those of the grass-covered plot, resulting in entirely wettable transects on both dates (Fig. 7) .
Also the diagrams of the bare plot from 30 May and 7 October of site 2 show relatively high soil water contents, which decrease with depth (Fig. 8) . Horizontally only minor differences in soil water content are present in both, entirely wettable, transects.
On 30 May a key part of the soil profile of the grass-covered plot of site 2 was relatively dry, with soil water contents ranging from 2 to 6 vol.% (Fig. 8 ). An irregular distribution of wettable, slight, strong, severe, and extreme water repellency was present in this transect. On 7 October the surface layer was wet with water contents exceeding 20 vol.%, however at depths of 10 to 30 cm the soil water content was limited to 6 vol.%, and preferential flow paths were not present. The soil between 10 and 25 cm depth was entirely water repellent, and an excessive part of it was even extremely water repellent.
DISCUSSION
Water repellency is a common phenomenon in course textured soils with grass cover, and besides in sandy pastures, meadows, and nature reserves (e.g. Dekker and Jungerius, 1990; Dekker et al., 2005; Lichner et al., 2011; Oostindie et al., 2013; Orfánus et al., 2016; Rodný et al., 2015) . It has also been observed in sandy fairways, sand-based tees and greens of golf courses all over the world (e.g. Aamlid et al., 2009; Moore et al., 2010; Oostindie et al., 2008 Oostindie et al., , 2011 Wallis et al., 1989) .
The results of the grass-covered soil are consistent with the widespread assumption that water repellency is a transient phenomenon occurring more markedly in dry soils than in wet soils (Benito Rueda et al., 2015; Keizer et al., 2007; Rodríguez-Alleres and Benito, 2011) .
The generally accepted main cause of water repellency is the presence of soil organic matter. This results in the mutual observations that the topsoil usually shows the highest repellency persistence of the soil profile (Aamlid et al., 2009; Lichner et al., 2011; Wallis et al., 1989) . However, the extent of the water repellent layer in soils varies from limited to the surface layer only to existence at greater depth up to 55 cm below soil surface Täumer et al., 2005) .
In the present study extreme water repellency with WDPT values exceeding 6 h were often assessed in the grass-covered plots at depths of 7-26 cm, even in autumn. It is noteworthy that extreme water repellency was often found in the subsoil with relatively low organic matter contents. It may be that the development of water repellency in the surface layer is related to organic matter particles, while deeper in the profile the cause may be hydrophobic coatings on the sand grains are the main source of it. However more work is required to test this theory, because also non-degraded organic compounds could increase soil water repellency, as established by Sándor et al. (2015) . It is interesting that the greatest water repellency values are not necessarily observed in the surface layer, but also in deeper layers. This is relevant for water transport features such as lateral distribution at the soil surface and fingering flow bypassing large water repellent zones in the soil matrix. Furthermore, a dried out layer at the top of the soil may largely prevent or even completely block the evaporation from the soil surface. A major part of the soil profile in the grass-covered plots exhibited extreme water repellency to a depth of 19 to 26 cm on all sampling dates, while the soil profile of the bare plots was completely wettable on eight of the twelve sampling dates. Remarkable are the often huge spatial differences in persistence of actual water repellency in the grass-covered plots across a horizontal difference of 75 cm, with wettable as well as slightly, strongly, severely, and extremely water repellent soil samples. These differences in persistence may partly be due to differences in soil water content, but may also be the result of differences in hydrophobic compounds and their concentrations as found by Mao et al. (2014 Mao et al. ( , 2015 . Gordon and Hallett (2014) describe even the spatial variability of the severity of soil water repellency at the millimetre scale by means of the contact angle.
Substantially higher soil water contents were measured in the bare versus the grass-covered plots. These alterations are caused by differences between evaporation and transpiration rates across the plots. The evaporation is increased in bare plots because the wind speed and the temperature at the soil surface are great: the bare soils are directly exposed to sunshine and the black colour of ash increases the absorption of radiation, in particular at the surface layer. However, transpiration decreases in bare plots because the transpiring surface is substantially reduced, due to the elimination of the aerial parts of the grass plants. Water loss by transpiration comes from all soil layers in the root zone, whereas direct evaporation from the soil is restricted to the upper layer. For these reasons, during times of a precipitation deficit, water content decreases throughout the profile in the grass-covered plots but only at the top of the soil in the bare plots. Figure 2 clearly shows this phenomenon. With the exception of 3 sampling days (25 July, 4 and 12 September) there were no huge differences found in soil water content between the grass-covered and bare plots in the top layer (0-2.5 cm). But, in the bare plots the soil water contents were always higher. Further it can be seen that the soil water contents of the second layer at the bare plots were always above 15 and for half of all cases even above 20 vol.%. At the grass-covered plots the soil water content dropped frequently below 10 vol.%. This endorses the viewpoint above regarding the effects of transpiration and evaporation between treatments. The water storage in the upper 19 cm of the bare soil was at least two times greater during dry periods. Striking are the small temporal changes in mean soil water content at depths between 9.5 and 33 cm in both bare plots from spring to autumn during the period studied.
CONCLUSIONS
Considerable higher soil water contents were found in the bare versus the grass-covered plots. The water storage in the upper 19 cm of the bare soil was at least two times greater than in the grass-covered soil during dry periods.
A major part of the soil profile in both grass-covered plots exhibited severe to extreme water repellency to a depth of 19 cm on all sampling dates, while the soil profile of the bare plots was completely wettable on eight of the twelve sampling dates. The persistence of actual soil water repellency at the six depths between 0 and 19 cm in both grass-covered plots was significantly higher (P<0.05) than in the bare plots on 23 May, 30 May, 19 June, 25 July, 12 September, and 18 September. On 31 July, 26 August, 27 September and 7 October the persistence of actual water repellency in the grass-covered plots was significant higher (P<0.05) than in the bare plots at greater depths, but insignificant in the upper sampled layers one, two, two, and three on the respective dates.
